In Escherichia coli extracts, endonuclease I is responsible for an extensive deoxyribonucleic acid (DNA) breakdown (13, 15) . Thus, it is of great advantage to use strains in which endonuclease I activity is reduced to perform accurate measurements of other deoxyribonuclease activities (1, 30) . Durwald and Hoffmann-Berling (3) developed a screening test for colonies which do not degrade DNA at a normal rate during prolonged incubation in toluene; discrimination between mutant and wild-type colonies was done through a differential staining by Giemsa. With this method, they found endonuclease I-deficient strains. Our original purpose was to use this procedure (3) to map end mutations and to construct endonuclease-deficient derivatives of a variety of bacterial strains using classical genetic techniques (7, 16) . Unfortunately, Giemsa staining has not been successful for us, probably because the different Giemsa stains available are not identical (11) . For this reason, we developed a staining method using methyl green, which does not show such a disadvantage.
MATERIALS AND METHODS
Reagents: Except where otherwise indicated, all reagents were purchased from Prolabo, Paris, and were of the highest available purity. Ethylenediaminetetraacetic acid (EDTA) was purchased from Siegfried, Switzerland; Ethyl methane sulfonate (EMS) was purchased from Eastman Chemical products, Kingsport, Tenn.; Tris(hydroxymethyl)aminomethane (Tris), deoxyadenosine, and thymidine were from Sigma Chemical Co.; bovine serum albumin was from Calbiochem; calf thymus DNA was from Choay Laboratory, Paris; polyadenylic acid (Poly A) from P. L. Biochemicals; thymidine-methyl-3H was from CEA-CEN-SORIN.
Methyl green was a gift of G. Giraud and was purified before use. A 2% aqueous solution was extracted with equal volumes of CHC13 until no further methyl violet was found in the organic phase (2) .
Media. The following media were used: ML medium (per 1,000 ml of water, 10 g of tryptone, 5 g of yeast extract, 5 g of NaCI, I g of glucose; pH 7.0), M63 medium (per 1,000 ml of water, 13 .6 g of Na2HPO4, 2 g of (NH4)2SO4, 0.2 g of MgSO4, 0.5 mg of Fe(SO4); pH 7.2), S medium (per 1,000 ml of medium 63, 20 ml of 20% glucose, 50 ml of 10% vitamin-free Casamino Acids and I ml of 0.05% thiamine). Solid media were obtained by adding 1 % of agar. Yeast extract, tryptone, agar, and Casamino Acids were purchased from Difco.
Strains. All strains used are E. coli K-12. Genetic markers are named as in Taylor and Trotter (28; Fig.  1 ).
Strains used are described in Table 1 . The thy derivatives were obtained by trimethoprim selection (27) ; trimethoprim was a gift of Wellcome Laboratories.
Bacteriophages T4 and T4 B17 (an amber mutant of T4) were a gift of J. Davies and allowed the detection of strains carrying an amber suppressor (Table 5) .
Mutagenesis by ethyl methane sulfonate. Hfr H was grown at 37 C in ML medium until an optical density (OD) of 1.2 was reached (Zeiss PMQ2 spectrophotometer; 1 OD unit at 590 nm is equivalent to 2 x 108 bacteria per ml). A 10-mI amount of this culture was centrifuged and suspended in 2.5 ml of M63 medium to which 0.1 ml of ethyl methane sulfonate was added. After 2 hr of incubation at 37 C with shaking, cells were centrifuged and suspended in 2.5 ml of ML medium; 0.2 ml of this suspension was added to 10 ML medium and allowed to grow overnight at 37 C. The bacteria were then spread on petri dishes containing solid ML medium. After overnight incubation at 37 C, the colonies were subjected to the methyl green procedure.
Recombination studies. Matings were done in ML medium by standard techniques (7); transductions were done by using bacteriophage Plkc (16) as described by Schwartz (22 Measurements of enzymatic activities in crude extracts. All measurements of enzymatic activities were done at 37 C.
Measurements of endonuclease I activity were carried out as follows. E. coli cells (30 ml) grown in ML medium were centrifuged during exponential growth after an optical density of 1.5 at 590 nm had been reached. The pellet was resuspended in 2 ml of 2 mM EDTA, 50 mM Tris buffer (pH 8.0); the cells were disrupted (four times, 15 sec) by sonic oscillation with a Mullar sonifier, and the extract was centrifuged for 10 min at 10,000 x g. The supernatant was saved and incubated for I hr at 37 C. Endonuclease I activity was determined by the procedure of Lehman, Roussos, and Pratt (14, 15) and Shortman and Lehman (23) . 3H native E. coli DNA (a generous gift of J. M. Saucier) was used as substrate, and the acid-soluble material was measured by addition of 0.2 ml of calf thymus DNA (500 qg) and 0.5 ml of 10% trichloroacetic acid to a 0.3-ml reaction mixture. After 15-min of centrifugation at 10,000 x g, 10 ml of 2,5-diphenyloxazole 1,4-bis-2-(5-phenyloxazolyl)-benzene dioxanne was added to 0.3 ml of the supernatant, and radioactivity was determined in a scintillation counter. One unit of endonuclease I is defined as the amount of enzyme necessary for the production of 10 nmoles of acid-soluble material in 30 min at 37 C (13) .
Measurements of exonuclease I activity were done by the procedure of Lehman (12) and Shortman and Lehman (23) .
Measurements of exonuclease IV activity were done by the procedure of Jorgensen and Koerner (8) .
Ribonuclease I activity was measured by the method of Gesteland (4) in assay A; crude extract was prepared in the same way as for endonuclease I activity measurements, except that crude extract was not incubated before use.
Ribonuclease 11 activity was measured as described by Singer (24) by determination of soluble ultraviolet absorbing material produced by poly A degradation.
One unit is equal to the production of I pmole of 5'-AMP per hour. These measurements were done in crude extracts (25) The experiment described in Fig. 3 shows that, during toluene treatment, all of the mutants degrade their DNA at a lower rate than does the wild type. Bacterial DNA is labeled by 3H-thymidine for several generations. Bacterial cells were then exposed to toluene, and DNA degradation into acid-soluble material was studied. DNA degradation is faster in wild-type bacteria. At least three types of DNA degradation patterns are found in the mutants (Fig. 3) different strains studied were grown overnight in S medium at 37C: I ml of each culture was diluted in 9 ml of S medium complemented with 3 mg of deoxyadenosine and 2 /Ig of (3H methyl) thymidine (5.4 Ci per mmole) and incubated for 3 hr at 37C. The cultures were then centrifuged and washed three times with the same volume of M63 medium supplemented by cold thymidine (0.025 mg per ml) and resuspended in 20 ml of S medium; 0.2 ml of toluene was then added and the suspension incubated at 43C. Samples (I ml) were taken as indicated and the radioactive acid-soluble material was measured. Measurements of the radioactive acid-soluble material were made as follows: to a 1-mi sample of the bacterial suspension, 0.08 ml of 100% trichloroacetic acid was added. After I hr at OC, 0.25 ml of bovine serum albumin (6 mg per ml) was added. The mixture was centrifugedfor 15 min at 10,000 x g and the radioactive acidsoluble material was determined in the supernatant. The total amount of radioactive material was determined after DNA hydrolysis. 0.08 ml of 100% trichloroacetic acid was added to I ml of the suspension in toluene. The mixture was incubated for 1 hr at IOOC and water was added in order to obtain the initial volume. Bovine serum albumin (0.125 ml; 6 mg per ml) was added to 0.5 ml of the boiled mixture and centrifuged for 15 min at 10,000 x g. Acid-soluble material was determined in the supernatant. The same experiment was made also at 37C for strains MRW (6, 14, 15) and is bound to inhibitory RNA in crude extract (5, 14, 15 Fig. 4) , and (ii) mutants which act indirectly on DNA degradation by preventing RNA degradation (type B, Fig. 4) .
Mutants of type A (Fig. 4) are represented by endonuclease I-deficient strains. Other deoxyribonucleases could be involved. For example, endonuclease I is known to produce in vitro a limit product composed of oligonucleotides with an average chain length of seven (14) . If these oligonucleotides bind methyl green, a mutant lacking the enzymes responsible for their further degradation must appear green by the staining procedure after toluene incubation. The activities of two deoxyribonucleases, exonuclease I and exonuclease IV, which can further degrade endonuclease products were measured in some of the mutants (MRW 5, MRW 11, MRW 14, and MRW 18), but no differences were found with the wild type. Other deoxyribonucleases, such as exonuclease III, which could also be involved in DNA degradation were not measured.
Among mutants of type B (Fig. 4) , aside from the rns and rne mutants already described, strains deficient in ribonuclease III (20, 21) or ribonuclease IV (26) could be expected. These enzymes are potentially able to contribute indirectly to DNA degradation, but were not measured.
These studies show that at least three enzymes endonuclease 1, ribonuclease 1, and ribonuclease 11 act in DNA degradation, during toluene treatment of the cells. Other enzymes are probably also involved and are lacking in the mutants where the enzymatic defect could not be characterized. Localizaltion of end and rne loci on the genetic map: localization of endonuclease (end) mutations. Three Hfr strains carrying mutations end-24, end-25, and end-26 were crossed with a series of F-strains: PA 106, PA 260, and PA 3092 (Table 3) ; end-24, end-25, and end-26 were found to be linked with serA at 66, 71, and 67%, respectively.
Crosses between Hfr and F-strains each carrying one of the three mutations show that these mutations are closely linked (Table 3) . They can be cotransduced with serA, but not with lys or jointly with lys and serA (Table 4) . A three-point test made between Hfr H and an Fstrain carrying end-25 shows that end-25 is located between strA and serA (Table 3) , in a locus we propose to call endA. The three above end mutations, end-li100 and end-1486/23 (3) map in the endA locus.
In a cross between an Hfr strain carrying endA2S and a F-strain carrying endA24, very few End+ recombinants were obtained (Table 3) , as expected. In the reciprocal cross (Hfr endA24, F-endA25), 66% of SerA+ recombinants colonies are not stained by methyl green (Table 3) , but have an abnormal aspect. The level of endonuclease I in these recombinants is intermediary between that of the wild type (end+) and of the mutant (end-; Table 5 ). The F-used is known (Jacob, personal communication) to carry the supE amber suppressor. A test with an amber mutant of bacteriophage T4 showed that all of the recombinants with intermediary level of endonuclease I also carried a suppressor; endA24 is presumably an amber mutant.
The end-i17 mutation behaves differently from the other end mutations ( (Table 3) . Although end-i 7 is an amber mutation (Table 5) , this cannot explain such results because, in the same conditions, endA24, a suppressible endA mutant, shows a 5% linkage with his (Table 3) . A cross between an Hfr strain carrying endA25 and an F-strain carrying end linked with thyA, lys, and ser ( Table 7 ). The rne locus was found cotransducible with serA. When a bacteriophage P1 stock was grown on the rne strain MRW 37 and used to transduce PA 260 which is SerAt, 13% of the 944 Ser+ transductants were rne. DISCUSSION The method described constitutes an efficient tool for isolation and manipulation of end, rns, and rne mutations.
Amber mutations abolishing endonuclease I activity are found at two genetic loci. In presence of an amber suppressor, the amount of endonuclease I activity which is restored is what would be expected from the efficiency of the suppressor. This suggests that endonuclease I is composed of two polypeptide chains coded by the two loci. Alternatively, one of the two loci might be involved in the regulation of endonuclease I synthesis or activity. In fact, the existence of such a regulation is suggested by the results of Shortman and Lehman (23) , showing that the There is some residual ribonuclease II activity in the rne mutant described here. This activity is more sensitive to heat denaturation than wildtype ribonuclease II (Schlessinger, personal communication). This suggests that the rne locus is the structural gene of ribonuclease 11. It would be of interest to know if a mutant completely lacking ribonuclease 11 activity is still viable.
